ABSTRACT
Introduction
In this paper, we investigate the way different immigrant groups respond to the economic cycle compared to native workers. Our analysis distinguishes between immigrants from OECD-and non-OECD countries, and covers two of the largest economies in Europe:
Germany and the UK. Both countries have large immigrant populations, which differ in terms of origin composition and educational background. We show that there are large differences in cyclical responses of unemployment between immigrants and natives in both countries. We demonstrate that substantial differences in cyclical patterns remain, even within narrowly defined skill groups. We also show that developments in the relative wage position of immigrants have been quite different in the UK and Germany, in particular over the last decade.
We then estimate a factor-type model that separates responses to economic shocks from a secular trend and allows us to obtain a summary measure for differences across and within education groups. This analysis confirms the larger cyclical response of unemployment for immigrants, in particular for those from non-OECD countries, in both Germany and the UK.
Our results are robust to alternative measures of economic shocks, and are not driven by selective in-and out-migration of individuals over the economic cycle.
We provide a number of possible explanations for our findings. First, we consider an equilibrium search model of the type set up by Diamond (1982) , Mortensen (1982) , and Pissarides (1985) . In this model, differences in the hiring intensity between groups in up-and downturns occur if job separation rates differ. We provide evidence for differences in job separation rates between immigrants and natives, even within education groups. Second, we consider a dual labour market. As a third explanation, we investigate the possibility of differences in capital-labour complementarities between groups. We conclude that each of these explanations may contribute to the pattern we observe in our data.
The structure of the paper is as follows. In Section 2, we provide some background information about immigration to Germany and the UK, and economic outcomes and composition of immigrants in the two countries. We then discuss the data we use for our analysis. Section 3 illustrates economic outcomes of different groups of immigrants in both Germany and the UK over the economic cycle, compares these to outcomes of native workers, and investigates how much of these differences are due to differences in education, age, and regional allocation. Section 4 estimates a model that summarises these differences in a set of parameters that allows comparisons between groups and across countries. Section 5 hypothesises about possible explanations for our empirical findings.
The differential response of immigrants even within the same skill groups, so far largely overlooked in the economic literature (a notable exception is recent work by Barth et al., 2004 Barth et al., , 2006 , has important implications for immigration policy as well as for the analysis of the economic impact of immigration and the adaptation process of immigrant groups in their host countries. We discuss these in Section 5.
Background and Data

Migration to Germany and the UK
Both the UK and Germany experienced large waves of immigration in the period after World War II. The first large wave into Germany was an inflow of ethnic Germans, expelled from former German territory, and totalling 12 million between 1945 and 1949 (see Oezcan, 2004 , for details). After 1955, the West German economy grew rapidly and immigration from 
Data and Samples
Our analysis is based on two large longitudinal data sets. For Germany, we use an administrative data set provided by the Institute for Employment Research in Nuremberg (the IABS), which is a 2 percent sample of all dependent employees that are subject to social security contributions. We focus on West Germany, excluding Berlin, due to the differences in wage structure and immigration experience in East Germany and the time span analysed in this study. are sufficiently large to analyse minority populations. We provide more details on the data in Appendix 1.
For the UK, immigrant status is defined by country of birth. In contrast, official data in Germany distinguish between foreign and German citizenship (following the principle of nationality by descent). In the IABS, therefore, we only observe an individual's citizenship but neither the place of birth nor the year of entry into the country. As an individual born in Germany to foreign parents does not automatically obtain German citizenship, there are some individuals included in our sample who were born in Germany but have foreign citizenship.
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On the other hand, individuals who were born abroad but received German citizenship are recorded as Germans in our data. For simplicity, we will in what follows refer to the foreign 1 Between 1993 and 2002, the share of these second generation immigrants in the 25-54 age bracket considered in our analysis is small, between 3.5 percent and 7.5 percent (numbers based on tabulations provided by the Statistical Office in Germany).
sample in the German data as "immigrants" and the German sample as "natives". We will use the same terminology for the foreign born and native born in the UK.
To account for group differences in a parsimonious way that allows comparability across the two countries, we distinguish between immigrants from OECD and non-OECD countries. 2 We expect immigrants from OECD countries to be endowed with human capital that is more suited to the requirements of the host countries' labour markets. As outcome measures, we focus on unemployment and wages. In Appendix 1 we describe our measures in more detail and discuss comparability.
Composition of Immigrant Populations
Reflecting the different migration histories of Germany and the UK, the composition of the immigrant populations over the last two decades differs considerably between the two countries. While the overall immigrant share in the age group 25-54 decreased in Germany Immigrants from India and Pakistan make up most of the non-OECD group in the UK in 2001 (together 24 percent of all non-OECD immigrants), while it is immigrants from Former Yugoslavia in Germany (44 percent of all non-OECD immigrants).
Individual Characteristics
In The high education group comprises individuals holding a university degree or other higher education qualifications.
The figures in Table 1 show that the percentage of college graduates among natives in Germany is far lower than in the UK. This is due to the fact that a large part of professional training that is offered by colleges in the UK is offered by the apprenticeship system in Germany. While in Germany the share of college-educated individuals is substantially lower in the immigrant than in the native population, in the UK the share of those with a college education is higher for both OECD and non-OECD immigrants. Overall, and in comparison to natives, immigrants in the UK are considerably better educated than they are in Germany.
Mean log real wages for both men and women are significantly lower among immigrants in Germany, with a particular disadvantage for those who come from non-OECD countries. In the UK, wages are higher for each immigrant group, except non-OECD men. The wage rates of immigrants from OECD countries are particularly remarkable. Men and women earn on average 19 and 22 percent higher wages than their native counterparts, respectively. Finally, in both Germany and the UK, unemployment rates of immigrants, with the exception of OECD men in the UK, are considerably higher than those of natives.
In the bottom row of Table 1 we present the normalised Herfindahl index to measure regional concentration of natives and immigrants. 3 This index is bound between zero (individuals are equally distributed across regions) and one (complete concentration in one region). For Germany, the index is 0.08 for natives and 0.11 for immigrants, suggesting that immigrants are not particularly concentrated relative to the native population. This is in stark contrast to the UK. Here the index is 0.02 for natives and 0.15 for immigrants, suggesting a much stronger regional concentration, particularly so for immigrants from non-OECD 3 The index is defined as ( ) countries. This is largely due to about 40 percent of non-OECD immigrants living in London, compared to only 8 percent of the native born.
To summarise, it appears that the composition of the immigrant populations in Germany and the UK differs considerably with respect to origin. Furthermore, immigrants are, relative to natives, far better educated in the UK, and earn higher wages. In both countries, immigrants tend to experience higher unemployment rates than natives.
Economic Outcomes and the Economic Cycle
Macroeconomic Conditions
Over the last three decades, macroeconomic conditions have changed in both countries in roughly similar ways (see Figure 1 ). 1980s (1980q1-1982q3 ). In the latest major recession of the early 1990s, the German economy (1992q1-1993q3) was hit about 1 year later than the UK, due to German re-unification. As also shown in Figure 1 
Unemployment and Wages over the Economic Cycle
Unemployment
We now turn to unemployment rate differentials between natives and immigrants from OECD and non-OECD countries for Germany and the UK. As some of these differences may be explained by differences in observable characteristics, we condition on educational attainment, age structure, and regional allocation. We estimate the following model, choosing the native German and UK populations as the reference groups: X . By sequentially adding age, age squared and interactions of our education groups and year dummies (dashed line), and interactions of region and year dummies (dotted line), we eliminate differences in estimates of economic outcomes between groups that may be due to differences in these observable characteristics. We plot the resulting estimates of We first focus on the solid lines that depict differentials that condition on gender only. At the start of the 1980s, unemployment rates in Germany were very similar for natives and the two groups of immigrants. The 1980s recession led to a larger increase in unemployment for immigrants, but in the subsequent recovery phase unemployment also dropped faster for the two immigrant groups, closing the unemployment gap. In the 1990s recession, unemployment again grew considerably faster for immigrants than it did for natives, leading to a dramatic increase in the unemployment rate differential between both groups of immigrants and natives at the height of the recession. Towards the end of the 1990s, unemployment of immigrants seemed again to drop more rapidly than unemployment of natives but, compared to the early 1980s, there remained a sizeable difference between the two immigrant groups and natives.
The figures thus suggest a strong cyclical development in unemployment differences between immigrants and natives.
For the UK, the solid line in the lower panel of Figure 2 shows a positive unemployment rate differential between immigrants from non-OECD countries and natives as early as 1981.
Unemployment for OECD immigrants on the other hand was similar to that of natives. As in Germany, the 1980s recession had a larger impact on non-OECD immigrants: the unemployment rate differential increases substantially, but decreases again rapidly in the subsequent recovery phase. The early 1990s recession saw unemployment of immigrants rising once more considerably faster than unemployment of natives, and in particular so for non-OECD immigrants. After the end of the recession, the unemployment rate differentials decreased yet again. Overall, the figures for the UK suggest a similar pattern in the difference in unemployment rates as in Germany, with a somewhat more pronounced cyclicality for non-OECD immigrants than for OECD immigrants.
The dashed line in the upper panel of Figure 2 suggests that conditioning on age and education reduces the unemployment differential between Germans and immigrants in both groups; however, the differences in the cyclical pattern remain. Conditioning further on regional allocation does not lead to significant changes in the conditional unemployment rate differentials. The differences between the conditional and unconditional patterns in the UK, shown in the lower panel of Figure 2 , are smaller than in Germany. This is not surprising, as the age and education structure of immigrants in the UK resembles that of the native population more closely, as shown in Table 1 . However, as for Germany, we still see a clear cyclical pattern in unemployment rate differentials in the early 1980s and 1990s, particularly pronounced for non-OECD immigrants.
Wages
Figure 3 displays log wage differentials for Germany and the UK, where the solid line conditions on gender only. For Germany there is a wage differential of about 8-9 percent in favour of native workers relative to both groups of immigrants in 1980. During the first recession, this wage differential remained fairly constant, but it increased dramatically from the early 1990s onwards, in particular for non-OECD immigrants. As in the case of unemployment, there is a reduction in the differential between the two immigrant groups and natives when we condition on age, education and regional allocation, suggesting that part of the differential is due to composition. However, after 1990, controlling for differences in observable characteristics can only account for around one third of the widening wage gap between natives and non-OECD immigrants, still leaving a gap of more than 15 percent unexplained by 2000. The conditional wage gap between natives and OECD immigrants, while being close to zero throughout the 1980s, stabilises at about 5 percent throughout the 1990s. In the lower panel of Figure 3 , we display the conditional log wage differentials for the UK. Here we only have wage information after 1991. The difference to Germany is quite striking. Conditioning on age and education does not affect the differential between natives and OECD immigrants; it does, however, turn the differential between non-OECD immigrants and natives negative. This is the opposite of what we find for Germany, and suggests that non-OECD immigrants would worsen their relative wage position in comparison to natives if they had the same age and education structure. The slight overall wage advantage of non-OECD immigrants turns into a substantial disadvantage when keeping individual characteristics the same. Moreover, the wage differential relative to natives worsens further when we condition on region dummies, which is due to an over-representation of immigrants in high-wage London. As opposed to Germany, there is no deterioration in relative wages for immigrants in the UK between 1992 and 2005.
To sum up, our findings suggest that for both Germany and the UK, unemployment probabilities of immigrants are more sensitive to the economic cycle than those of natives.
Conditioning on individual characteristics and regional allocation reduces this differential slightly in the case of Germany, but the stronger pro-cyclical pattern for immigrants remains.
For wages, there is not much evidence for cyclical differentials either in Germany or the UK.
While in the UK relative wages of immigrants did not change much over the observation period, there seems to be a long-term gradual deterioration of the relative wage position of immigrants in Germany, in particular since the early 1990s.
Differential Responses to Economic Shocks across Groups
The Model
We now estimate a more structural model to summarise the evidence we have provided so far and to quantify the differential response of different skill groups, and of natives and immigrants within the same skill group. The idea of our approach is similar to Hoynes (2000) . We utilise differences in economic shocks across regions and over time to identify the relative response of different education and population groups to such shocks, conditional on region effects, age effects, and a group-specific time trend. Our outcome variables are unemployment rates and log wages. The model allows us to assess the magnitude by which outcomes of the groups react differently to economic shocks, and to test whether these differences are statistically significant.
More formally, consider the following outcome equation: To eliminate fixed group, skill and region effects, we estimate the above equation in first differences:
Possible measures for business cycle shocks could be the overall region-specific unemployment rate or the regional GDP (growth). However, these measures are likely to pick up only part of the shock that hits a particular region. Furthermore, it is not clear whether an appropriate measure for a shock that impacts on employment and wages are current or past changes, or combinations thereof. We therefore estimate shocks rt f ∆ as the parameter on the interaction term of year t and region r, rt T . Denote these parameters as rt β . Our final estimation model is then given by:
In this model, identification of parameters If the differential response to the economic cycle, as illustrated in Section 3.2, was only due to different skill compositions of the native and the immigrant population, then for a given skill group j, the parameter g j c should be the same for immigrants and natives. Table 2 reports results of Eq. (1) for Germany and the UK. Our focus in this section is on men. For completeness we report results for women in Appendix 2, Table A1 . For the UK, we pool 2 subsequent years in order to obtain a sufficient number of observations within skilland origin group for each of the 11 UK regions. We report the estimated parameters g j c for the unemployment rates for each of our 9 groups (3 education x 3 nationality/origin) for Germany and the UK in columns (1) and (2), and the corresponding parameters for wages in columns (3) and (4). We report the standard errors underneath the coefficient estimates where asterisks (*) are used to indicate that a coefficient is statistically different from one (the parameter of the base group) at the 5 percent level. We also test the hypothesis that responses of the two immigrant groups are different from those of native workers within the same skill group. Significant differences in estimates at the 5 percent level are in this case marked with a cross (+).
Estimation Results
For both Germany and the UK, the estimates reported in columns (1) and (2) of Table 2 show that the unemployment rates of low-educated individuals fluctuate stronger over the business cycle than the unemployment rates of the highly educated. For natives in Germany, for instance, the estimate increases from 1 for the reference group with college education to 2.4 for the group with intermediate education, and to 4.5 for the group with a low education level. This indicates that the response of the unemployment rate of low-educated men to macroeconomic shocks is stronger by factor 4.5 than the response of highly educated men.
The estimates for the UK are remarkably similar in magnitude.
Within skill groups, immigrants appear to be far more responsive to the cycle than natives. While natives with intermediate education in Germany respond 2.4 times stronger to business cycle shocks than natives with college education, OECD immigrants react 4.2 times stronger and non-OECD immigrants 5.7 times stronger. Within the group of low-educated individuals, the responsiveness of OECD immigrants to shocks is similar to that of natives, but the responsiveness of non-OECD immigrants is substantially stronger, with a point estimate of 6.7.
For the UK, natives and OECD immigrants with intermediate education react similarly to
shocks with an estimate of around 2.9, but non-OECD immigrants react significantly stronger than both of these groups, with a point estimate of 4.2. Within the group of low-educated individuals, point estimates suggest again that both groups of immigrants respond stronger than their native counterparts (5.1 and 5.5, respectively, compared to 3.9 for natives) although the estimated differences between groups are not statistically significant.
For women the results in Table A1 in Appendix 2 confirm the overall pattern that we find for men, though with somewhat smaller differences across skill groups. As for men, immigrants tend to react stronger to economic shocks than natives, with OECD immigrants in Germany and non-OECD immigrants in the UK appearing to be particularly sensitive.
We now turn to wages, and we report results in the last two columns of Results for wages of men in the UK are displayed in column (4) of Table 2 . There seem to be no clear differences across skill groups in the response to economic shocks. As for Germany, there is also little evidence of a differential response to economic shocks between immigrants and natives within skill categories. Only the estimate for non-OECD immigrants with intermediate education is significantly higher than that for natives.
For women, results are reported in columns (3) and (4) of Table A1 in Appendix 2. The reference group continues to be highly educated men. For both countries, and similar to men, there is little evidence of large differences between immigrants and natives within skill groups.
To summarise, we find sizeable and statistically significant differences between immigrants and natives in their unemployment response within education groups. These differences are particularly pronounced for immigrants from non-OECD countries. On the other hand, there is little evidence of differential responses of immigrants and natives in terms of wages. Next, we will investigate whether our findings are explained by cyclical in-and outmigration, and whether they are robust to alternative measures for the business cycle. We will also analyse whether responses are symmetric in economic up-and downturns. We report results for unemployment for men in columns (1) and (2) of Table 3 . Although typically smaller in magnitude and less precisely estimated, the parameter estimates of
Extensions
show the same pattern as those we report in Table 2 . The responsiveness to economic shocks increases with lower educational attainment. Both OECD and non-OECD immigrants react more strongly than their native counterparts, with the exception of low-educated OECD immigrants in Germany who now show less responsiveness than comparable native workers.
Thus, the cyclical response we observe seems not to be driven by in-migration reacting to the economic cycle. 
Business Cycle Measures
So far, we have modelled business cycle effects as an unobserved region-and timespecific factor. As explained earlier, we believe that this captures all the relevant influences on unemployment variations across groups. We now check whether the results are similar when we use an alternative measure for the economic cycle. One such measure is the regionspecific deviation of GDP growth from its trend. We use the Hodrick-Prescott filter to obtain a decomposition of GDP into a trend component and a cyclical component. We then replace the nonlinear term of the unobserved factor ( In columns (3) and (4) of Table 3 we report the results for Germany and the UK. The estimated coefficients are very similar to those we obtain earlier. Using measures for business cycle shocks that are conventionally used in macroeconomics, we thus reach similar conclusions to those we discussed above.
Asymmetric Unemployment Response
So far, we assume the differential response of immigrants and natives to be symmetric in economic upturns and downturns. This may be too strong an assumption. In Section 5, we discuss a number of different theoretical explanations, which suggest that this differential response is not necessarily symmetric. To investigate this issue, we re-estimate our models, allowing for different responses during periods of economic expansion and contraction. As this requires us to determine when a recession or a boom period begins, this harbours a certain degree of arbitrariness. Based on the macroeconomic indicators in Figure 1 , we define the years of an economic downturn for Germany to be -1983 and 1993 -1997 , and for the UK 1981 -1986 and 1991 -1992 . Table 4 reports the results. Columns (1) and (3) show the group-specific effects in economic upturns, and columns (2) and (4) show the difference in group-specific effects between economic downturns and economic upturns. The estimates in columns (1) and (2) provide no evidence for differences in cyclical responses in boom and bust periods in Germany: none of the parameter estimates in column (2) is significantly different from zero.
In the UK the pattern is somewhat different: there is some evidence that during an economic contraction the low-educated individuals (and, to some degree, those with intermediate education) react less strongly relative to the reference group of native high-skilled men than during an economic expansion. The responsiveness of both OECD and non-OECD immigrants with low education and comparable natives during an economic downturn is quite similar, with parameter estimates of 2.407 (calculated by the sum of the corresponding parameters in columns (3) and (4)), 4.532 and 2.935, respectively. Accordingly, while the results for Germany suggest roughly symmetric responses -immigrants lose jobs faster in 6 Regional GDP data on German regions ("Länder") were obtained from the Volkswirtschaftliche Gesamtrechnung der Länder, and UK regional GDP data from National Statistics UK. All GDP time series are adjusted using time series of the corresponding consumer price index. downturns, but gain jobs faster in upturns -the results for the UK point towards asymmetric responses. Differential adjustments both across and within skill groups seem to primarily take place during periods of economic expansion. During periods of economic contraction, the responsiveness across and within groups is more homogenous.
Explaining Differences in Cyclical Responses
From our empirical investigation the following three findings stand out: First, the cyclicality of unemployment rates is the stronger, the lower the educational qualification of workers. Second, within education groups the cyclicality in unemployment is stronger for immigrants than for natives, and strongest for non-OECD immigrants. And third, the difference in cyclicality between natives and immigrants seems to be symmetric in Germanyimmigrants lose jobs faster or remain longer unemployed in downturns, but get back to employment faster in upturns -but asymmetric in the UK. Here a stronger responsiveness of immigrants appears to be present predominantly in periods of economic expansion. In addition, wages are generally found to be unresponsive to the business cycle. In this section we discuss three possible explanations for the differential cyclical responses of unemployment rates.
Equilibrium Search
Our first explanation builds on a standard DMP equilibrium search model, a line of research originating in the work of Diamond (1982) , Mortensen (1982), and Pissarides (1985) . In DMP models unemployment is due to search frictions. In the simplest set-up, which we consider here, established matches break up at a given rate that is constant over the business cycle. Hiring of workers by firms depends on whether firms and workers can find suitable matches, which in turn depends on the profitability of opening (costly) vacancies. The higher the pay-off for opening a vacancy, the more vacancies are created and the higher is the number of established matches. Over the business cycle expected pay-offs of vacancies fluctuate with labour productivity and so does hiring of workers and hence the unemployment rate. For the present purpose, the crucial insight is that the higher the group-specific separation rate, the stronger the volatility of expected pay-offs, implying greater fluctuations in the number of created vacancies and hence jobs.
The basic intuition for this result is the following. The longer a worker is expected to stay with the firm (i.e., the lower the separation rate), the greater is the impact of his productivity in the more distant future for the firm's value of the match. That is, the lower the separation rate, the less important becomes the worker's current productivity and the more important becomes the impact of the worker's average productivity for the firm's investment decision (opening of vacancies). By contrast, the higher the separation rate, the more closely firms follow the business cycle and the more pro-cyclical is their offer of vacancies. The differential response to business cycle shocks of different labour types with identical labour productivity in this model is thus driven by different levels of (time-invariant) separation rates. For our analysis, if within education groups, immigrants are more likely to leave a job earlier, then fewer vacancies will be made available for them in a recession, thus increasing their unemployment relative to natives. On the other hand, in a boom phase relatively more vacancies will be created that are to be filled with immigrant workers. Thus, in this model neutral macroeconomic shocks, affecting the productivity of the different types of labour symmetrically, are transmitted into asymmetrically strong cycles of unemployment rates. In Appendix 3 we provide a more formal exposition of this argument.
Whether immigrants have lower or higher separation rates in jobs is empirically testable.
With our data, we can compute overall survival probabilities within jobs for Germany, as we can follow individuals over time. In Panel A of Table 5 , we display Kaplan-Meier survival probabilities for men, distinguishing between different education groups and between natives and the two groups of immigrants. The figures show that survival probabilities are lower for both groups of immigrants at each year of firm tenure. There is also some evidence that the survival probabilities fall with decreasing educational attainment of workers. To eliminate differences due to the economic cycle and age composition, we estimate Cox proportional hazard models for the two immigrant groups relative to native workers. The estimates, stratified by age group and year, are displayed in Panel B of Table 5 . They show that the hazard rates of leaving employment of male immigrants are typically higher than those of natives within each education group, and that the difference tends to be larger for non-OECD immigrants. Interestingly, in the one case in which the hazard rate does not differ from the one of comparable natives (OECD immigrants with low education) we also do not find a differential responsiveness to economic shocks in our results in Table 2 .
These findings are compatible with the hypothesis that differences in separation rates within education groups may be partly responsible for the different cyclical response of natives and immigrants through the equilibrium search mechanism explained above. But what could be a cause for possible differences in separation rates between the two immigrant groups and natives? One reason is return migration. Immigrants have a higher probability to leave the labour market as they may return to their home countries. This would inevitably lead to a termination of the employment relationship. There is evidence that return propensities may be substantial. For instance, for the UK, Dustmann and Weiss (2007) show that after about 5 years in the country, more than 40 percent of all immigrants have returned back home. Mayr and Peri (2008) show that in the U.S. the return migration rate of even those that stayed at least 1 to 4 years amounts to around 20 percent. A recent OECD publication (OECD 2008, Table III .1) reports similar out-migration rates for other countries: The average outmigration rate after 5 years ranges from 28 percent for the Netherlands to 60 percent for Ireland.
Dual Labour Markets
Our second explanation builds on a dual labour market model similar to that discussed in Bulow and Summers (1986) . In their standard framework, there is a homogenous group of workers and two types of jobs, primary and secondary jobs, that differ in their monitoring technology. In primary jobs monitoring costs are high and firms therefore have to pay workers higher wages in order to prevent shirking. In secondary jobs monitoring costs are low. As a consequence, secondary jobs can be filled at relatively low costs and hence wages paid in these jobs follow closely marginal labour productivity. Differences in monitoring costs therefore lead to a two-tier labour market with workers in the primary sector having more secure and better paid jobs than workers in the secondary sector. In particular, due to the different adjustment costs in primary and secondary sectors, neutral productivity shocks have asymmetric effects on employment in both sectors.
In an extension of this model, Bulow and Summers (1986) also show that if there are two types of workers differing only in their propensity to leave their jobs (immigrants and natives), then competition among firms ensures that in equilibrium a higher proportion of the type of labour with the higher turnover rate (immigrants) is confined to the secondary sector.
The reason for this is that in equilibrium within each sector both types of labour are paid the same wage but, all else equal, in order to induce the same effort of both types of workers, wages would have to be higher for workers with relatively high turnover (immigrants). In equilibrium, chances of moving to the primary sector must therefore be smaller for secondarysector workers with high turnover rates. Thus, although immigrants are equally productive, in equilibrium they are more often employed in the secondary sector, where labour demand follows more closely total factor productivity over the economic cycle because of lower labour adjustment costs. Given some stickiness of secondary-sector wages, which is assumed to be identical for natives and immigrants, employment of immigrants should therefore be more volatile than employment of natives.
Capital-skill Complementarity
Our last explanation builds on capital-skill complementarity (Griliches, 1969 , Krusell et al., 2000 , Funk and Vogel, 2004 . The main assumption here is that there is a fixed factor, say physical capital, which enters asymmetrically into the production function of the firm.
Symmetric productivity shocks (neutral shocks to total factor productivity) then result in asymmetric shifts of the labour demand curves of different types of labour. If wages are somewhat sticky, the asymmetric complementarity of the different labour types with capital results in asymmetric effects on unemployment, even when productivity shocks are neutral.
Suppose that wages of all labour types are equally sticky, and capital is fixed. If the degree to which the various labour types can be substituted by capital is not equal for all labour types, then adjustments of employment will be stronger for labour types that are better substitutes for capital. During downturns firms want to reduce all factor inputs but, by assumption, capital stocks cannot be adjusted. Therefore, firms reduce their demand more for those factors that are the closest substitutes for capital. By contrast, during upturns firms want to increase all factor inputs. However, since capital inputs are fixed they hire in particular somewhat dampened compared to the volatility of labour demand in the secondary sector. See Saint-Paul (1996, Ch. 3 and 4) for more details. those workers that are the closest substitutes for capital. The argument extends to immigrants and natives within skill groups if immigrants are less complementary to capital than natives.
This could be the case if immigrants cannot realise the full return to their observable skills due to, for instance, a lack of language proficiency, preventing them to work in jobs that are more complementary to capital.
We investigate this possibility using data provided by the Federal Institute for Vocational Education and Training (BIBB) on task content and computer use of 11,688 workers in Germany in 1997. Estimating a set of linear probability models, we find that, conditional on educational attainment, immigrants have a 17 percentage point lower probability of working with a computer, a 5 percentage point lower probability of performing analytical tasks, and a 7 percentage point higher probability of performing routine manual tasks than native workers. This is compatible with the hypothesis that, within skill groups, immigrants are less complementary to capital.
Discussion and Conclusions
Our results suggest larger unemployment responses to economic shocks for immigrants relative to natives within skill groups. These differences are particularly pronounced for non-OECD immigrants, and evident for both Germany and the UK, despite their rather different immigrant populations. We find little evidence in both countries that wage responses of immigrants to shocks are different than those of natives within skill groups. We show that our results are not driven by selective in-and out-migration of immigrants, or by the way we identify region-specific shocks.
We offer three explanations for these findings. First, within an equilibrium search model, immigrants' unemployment may react stronger to the economic cycle if they are experiencing higher job separation rates. We show that job survival rates of immigrants are systematically lower and separation rates are higher, even within skill groups. Second, within a model of dual labour markets, immigrants could be overrepresented in the secondary sector due to their higher job separation rates. Again, this would imply higher volatility in their unemployment experience over the economic cycle. And finally, if immigrants are less complementary to capital than natives and wages are somewhat sticky, this would also lead to the cyclical response we observe. Compatible with this, we demonstrate that immigrants in Germany are (conditional on education) less likely to work in jobs that use computers, more likely to perform tasks that are routine, and less likely to perform tasks that are analytical.
Our analysis has implications for other areas of research on immigration. In the literature on the economic assimilation of immigrants, 9 identification of cohort effects is often achieved by assuming that immigrants and natives react to macro shocks in the same way (see e.g. Borjas, 1999) . In two recent papers, Barth et al. (2004 Barth et al. ( , 2006 point out that differences in the response to macroeconomic conditions between immigrants and natives invalidate this assumption. As an alternative identification strategy, they propose to parameterise time effects as a function of local labour market conditions and allow these to vary between immigrants and natives. The findings in this paper support their approach.
Our analysis adds a further concern. The strong cyclical pattern in the difference in unemployment rates between immigrants and natives within skill groups may lead to differential selection into work over the economic cycle. To test this we use our German data for the period 1982 to 2001 and regress separately for each nationality/gender group log wages on the interaction of educational attainment and an indicator variable that takes the value one if the individual will be unemployed in the next period. Additional controls include age and age squared, educational attainment, and a set of year and region fixed effects. The results show that those workers who become unemployed in the next period earn around 15-25 percent lower wages, compared to workers who remain in employment, which points towards negative selection into unemployment. As immigrants react stronger to adverse business cycle shocks, those immigrants in work in economic downturns may be more positively selected, compared to natives. This may lead to a bias in immigrants' estimated assimilation profiles.
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The sign and magnitude of the bias will depend on the cyclicality of the period that is considered, and the differences in response of the individual groups. 9 See, for instance, Borjas (1995) for the US, Baker and Benjamin (1994) for Canada, Edin et al. (2000) for Sweden, or Bell (1997) for the UK; for papers investigating immigrants' employment and unemployment dynamics see, for instance, Chiswick et al. (1997) 
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The results in this paper also contribute to the more recent literature on the impact of immigration on wages of native workers. Ottaviano and Peri (2006) argue that, even within age and education cells, immigrants and natives may not be perfect substitutes, as is typically assumed. They test this hypothesis estimating the parameters of a three level CES production function and find indeed evidence for imperfect substitutability of immigrants and natives within quite narrowly defined age and education cells. Card (2009), Manacorda et al. (2006) and D' Amuri et al. (2008) come to similar conclusions in separate analyses for the US, the UK and Germany. Our findings of different unemployment responses of immigrants and natives over the economic cycle point in the same direction and suggest that within the same skill group, immigrants and natives may not be perfect substitutes.
Appendix 1: Data and Samples
The IABS
The basis for our analysis of Germany is the Employment Subsample 1975-2001 which is made available by the Institute for Employment Research (IAB). This administrative data set comprises a 2 percent subsample of all wage earners and salaried employees subject to social security contributions in Germany. The data set does not include the self-employed, the military, and workers in the civil service, but does include public sector workers. Overall, around 77 percent of all workers in the German economy in 2001 were covered by the social security system (Bundesagentur für Arbeit, 2004) . The data also include all unemployed individuals who receive unemployment compensation.
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The IABS does not include individuals that are out of the labour force. Because of the time period analysed, the numerous adjustment processes in the East German labour market after German unification in 1990 and the relatively small immigrant population (the immigrant concentration in East Germany is only about 2.5 percent in 2001 compared to more than 10 percent in West Germany) we focus on West Germany throughout, excluding Berlin. For a detailed description of the data set see Bender et al. (2000) .
The Sample
The sample population for the analysis on Germany comprises all dependent employees as well as the registered unemployed. In order to avoid issues of differential labour market entries and early retirement, we restrict our sample to the population aged 25 to 54.
Throughout the analysis, we consider two labour market outcomes for Germany: the unemployment rate and gross daily wages. Some explanation is necessary with regard to the construction of our unemployment rate for West Germany. The IABS includes two groups of individuals: first, employees who are subject to social security contributions and, second, unemployed individuals who are recipients of official unemployment compensation. Therefore, the rate of unemployment that can be derived using the IABS is the number of these unemployed over the total number of unemployed plus employees. The second important labour market outcome variable we use is the daily wage of full-time workers. The wage data are taken directly from the IABS and adjusted to real 1995 prices using the consumer price index for all private households. All wages (or log wages) are reported in Euros. Wage records in the IABS are top coded at the social security contribution ceiling. We impute wages above that ceiling using a tobit-based method suggested by Gartner (2004) . In the empirical estimations, we include six age group shares (25-29, 30-34, 35-39, 40-44, 45-49, 50-54 , using the first group as the reference group) and use West Germany's 10 federal states as our regional units. In order to make unemployment rates in both Germany and the UK as closely comparable as possible in this analysis, we exclude the self-employed and people on government schemes from our analysis for the UK. The reported unemployment rates may therefore deviate slightly from the numbers in official publications. As pointed out earlier, from the winter quarter 1992/1993 (1994/1995) onwards, the LFS for Britain (Northern Ireland) also contains information on wages of employees. The LFS does not report earnings of self-employed people, which, however, does not pose further problems because we exclude the self-employed to improve the comparability of our UK results with those of Germany. Wage data used throughout the analysis are hourly wages in pounds sterling where prices are adjusted to 1995 prices using the consumer price index. In the empirical estimations, we include six age group shares (25-29, 30-34, 35-39, 40-44, 45-49, 50-54, using the first group as the reference group) and distinguish 11 regional units: the three constituent countries Wales, Scotland, and Northern Ireland, and the eight standard statistical regions in England -London, South East, South West, East Midlands, West Midlands, North, North East, and Yorkshire and the Humber.
The British Labour Force Survey (LFS)
12 It should be noticed that a sizeable fraction of the German labour force above 55 falls under this category. Based on the ILO definition of unemployment these individuals would not be classified as unemployed. This is one reason why we restrict our analysis to individuals below the age of 55.
As long as wages ( w ) do not perfectly correlate with labour productivity ( z ), so that the firm's match surplus w z − is not identical in each state, this expression illustrates how the hazard rate δ affects the volatility of the firm's value of a match ( J ).
13 13 In most models of the DMP type wages are determined by the standard Nash bargaining solutions.
Wages in these DMP models fluctuate with labour productivity over the business cycle because threat points adjust to the state of the cycle, implying a somewhat dampened oscillation of the unemployment rate. Shimer (2005) and Hall (2005) have recently criticised that the standard DMP model predicts a too high volatility of wages and too low cyclicality of unemployment rates. To remedy this deficiency, and in light of the fact that there is no economic imperative that leads us to prefer a particular bargaining solution, Hall (2005) proposed to assume that wages are constant (for all s). He shows that this is an equilibrium outcome as long as the constant wage satisfies certain boundary conditions, which ensures that workers always have an incentive to offer labour Source: IABS and LFS. Based on individuals aged 25 to 54. Mean log wage refers to the mean log daily wage in Germany (in 1995 €) and the mean log hourly wage in the UK (in 1995 £). Standard deviations for the log wage are given in parenthesis. See Appendix 1 for the definitions of unemployment rates in both countries. Table 2 . Sample in column (1) includes only those foreign citizens in Germany who are already observed in the data in 1982. Sample in column (2) includes only those foreign born individuals who report having immigrated to the UK in or before 1981. Regressions in columns (3) and (4) are estimated using ordinary least squares. Entries show coefficients of the interactions of HP-filtered regional GDP with each education/nationality group. A (*) indicates the parameter is different from one at the 5 percent level. A (+) indicates that the parameter is different from the corresponding parameter of the native group at the 5 percent level. Table 2 . Entries in columns (1) and (3) show the parameter estimates for periods of economic expansion while entries in columns (2) and (4) show the additional effect during periods of economic contraction. Periods indexed as economic downturns are -1983 and 1993 -1997 in Germany and 1981 -1986 and 1991 -1992 in the UK. In columns (1) and (3), a (*) indicates the parameter is different from one at the 5 percent level and in columns (2) and (4) that it is different from zero. In columns (1) and (3), a (+) indicates that the parameter is different from the corresponding parameter of the native group at the 5 percent level. In columns (2) and (4) we test whether the overall effect in an economic downturn for each immigrant group -the sum of the parameters in both columns -is different from the overall effect in an economic downturn of the corresponding native group, with a (+) indicating significance at the 5 percent level. 
